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OBUE5RVATIOLNS F ELF SilGnAL AiNLD NOISE OVL ARMIV ILIt Y
ON NORTHERN LATITUDE PATHS

INTRODUCTION

This report is the first in a series of reports that will contain detailed extremely-low-
frequency (ELF) signal and noise data and statistics from our measurements of propagation
effects on ELF test transmissions. This series of reports will supplement those, such as
Rel. 1, wuhat uescure tuue pnerntnu0esiuuguczn aspctsbof ET F proLpagatri as diLsce .Prom
analysis of the test transmissions together with geophysical data.

Figure 1 is an azimuthal equidistant projection of the world out to 13,000 km from
the U.S. Navy ELF test transmitter in Wisconsin. Shown on Fig. 1 are filled circles at the
positions of our ELF receiver stations, rays from the ELF transmitter in Wisconsin to the
sites, and the contour of 60° north geomagnetic latitude. This latitude is the extreme
southern boundary of the auroral zone and polar cap and represents the latitude below
which solar-particle effects are infrequent. Its inclusion in Fig. 1 is important, because
inany propagation pats -r pertoa iners lie-4 to 4he north-1 of hisU; 1ait-qe7- and themany P~ti~ teaLUAAJIIjCfL4aio 'a V1Jp1taaIJ1.Jiai i1n1LV' tICG iU 4,V LilAC n rull ML Ut LJIS latiJLA%.AC, aila .. AV

test transmitter itself is on it. Consequently the effects of solar eruption on the earth-
ionospheric-waveguide parameters and on most of the path terminals are of concern.

The receiving site in Greenland is nearly at the center of the polar cap and is approx-
imately midway from the transmitter to the receiving site in Norway, which is a location
of operational interest and is in the auroral zone. The receiving site in Italy lies on a long
path which is almost entirely within the 60° north-geomagnetic-latitude boundary. This
site lies far enough below the auroral zone, however, that its local environment can be
dist.uirhnd nnlv hu rnthar Pyt.rom rnlol-ivistib sharged nprticle nrpripitifion Tn thio reg ardl
it is similar to the Maryland receiving site, which serves as a short-range monitor of the
effects of such phenomena.

Table 1 is a listing of the data to be presented in this report. The notation WTF
stands for Wisconsin Test Facility, the usual designation of the U.S. Navy ELF test trans-
mitter. Shown in Table 1 are the hours of operation of the WTF in propagation tests
during the period covered by this report. A total of 871.5 transmitter hours is included.
The Maryland site produced useful data for 711 hours, the Norway site produced useful
data for 810 hours, and the Greenland site (which was put into onerstinn durine the
January 1975 transmissions) produced 250 hours of useful data. The Italy site was not
put into operation until March 1975, and consequently no data from this site are discussed
in this report.

Manuscript suhmitted: July S. 1 97S
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DAVIS AND MEYERS

Fig. I - Azimuthal equidistant projection centered on the U.S. Navy test transmitter

Table I
NRIT. PT.F MPanmrpm'.ntC

as of January 1975

i 16 Janl - 13 March- } 18-29 11-15 6-26
< Dates 2 Feb. 74 1 April 74 jSept. 74 jDec. 74 Jan. 75

WTF Hours 221.5 238 80 54 278

Maryland Hours 195 238* - 278

ltdThn-.lcsnA l4U-n T ev-lT I A r, C I A A0 _1 AA a

Greenland Hours - - - 250

Greenland Mean Level _ _ _ -150.5

Norway Hours 210 238 72 54 23

LNoray Mean Levelt -155-7 -156.5 t-156 .7 -1-59- 2 -156;.2 

*13Fi hour. at. ow qianal lminl dnu to vinfaiqunrahIt anftnna nhasingr
tAntenna phasing3000
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NRL REPORT 7923

All transmissions were conducted at a frequency of 42 Hz, with continuous wave
excitation and (except for occasional WTF failures) with both WTF antennas in use. All
exnrnn+ -he Dennebhar 1 97A mneorlramonec, Ixroro nnnliin-o+rl witi. rialnflr. nhnceina nf 1 R 0

between the two transmitting antennas, a configuration which yields the highest possible
signal-to-noise ratios at the Norway and Greenland sites.

The analysis effort during the period covered here has been concentrated on the
January 1974, March 1974, and January 1975 measurements.

EXPERIMENTAL PARAMETERS

The apparatus for the January and March 1974 tests was substantially identical to
that which is described in Refs. 2 and 3 with a few refinements. Electrostatically shielded
air-core loop antennas of about 900-m2 turns-area product were used, with an Ithaco Model
144 low-noise FET preamplifier. Power-frequency components and their first few odd
harmonics were notch filtered, and after further amplification the signal channel was band-
pass filtered to a bandwidth of about 5 Hz. The signals were recorded on FM channels of
an instrumentation tape recorder with a recording bandwidth of about 300Hz. A reference
signal was recorded simultaneously and was stabilized to better than 1 part in 108 , a degree
of precision which would permit coherent demodulation at the longest required integration
times (8000 seconds) with a cumulative phase error of less than 4%.

The field apparatus was calibrated twice daily by short-circuiting the antenna terminals
and inserting a calibration signal through a precision attenuator into the preamplifier input.

The signal-processing procedure involved playing the recorded material back at in-
creased speed through a quadrature demodulator, normally a PAR Model 129 lock-in
amplifier, squaring and summing the orthogonal outputs after suitable integration, and
displaying the resulting signal on a chart recorder. Noise was processed by simply averaging
the 5-Hz receiver bandwidth incoherently for the same length of time as the signal and
displaying the resulting material on a chart recorder.

Between the end of the March 1974 tests and the beginning of the January 1975
tests, the Maryland, Greenland, and Norway sites were instrumented with apparatus that
performed these same functions in real time. An automatic calibration feature was added
to permit hourly calibration of the receiving system with only an insignificant loss of data
(about 3%). A calibration loop was also added to each receiver so that the entire system,
including the antenna, could be calibrated when desired. Addition of the real-time inte-
grator served three purposes:

(1) The receiver is nearly self-sufficient and needs only periodic replenishment of
paper to insure 24 hr/day availability.

(2) The receiving system is less dependent on reliability of inherently failure-prone
tape recorders.

(3) The consumption of materials, shipping expense, and shipping delays involved in
using magnetic tape are avoided.

3
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Its drawbacks are that it is incapable of recording wideband noise for later analysis and
that it is limited in signal-processing flexibility. As of this writing, each site has a capa-
bility for automatic signal processing with integration time constants of 4000 and 8000
seconds, and automatic noise processing of 5-Hz-bandwidth noise with an averaging time
constant of 4000 seconds.

MEASUREMENT DATA

Tables 2 through 8 contain the sampled data from Maryland and Norway for the Jan-
uary 1974 and March 1974 tests and from Maryland, Greenland, and Norway for the Jan-
uary 1975 test. The tables are self-explanatory, with the signal integration time constant
listed at the top of each table and all noise data referred to the signal integration bandwidth.
This expedient permits signal-to-noise ratio (S/N) to be determined for any datum by sim-
ple subtraction.

The data in Tables 2 through S are useful for limited statistical analysis, especially in
the cases of Norway and Greenland. For these sites, winter nighttime noise levels are low,
and the atmospheric discharge sources that are responsible for the general non-Gaussian
character of ELF noise are quite remote. As a consequence of the strong attenuation of
high-frequency components of atmospheric waveforms propagating from these source re-
gions to northern latitudes, the noise is believed to be nearly Gaussian in these circumstances.

Figure 2 is a statistical display of the signal data from Maryland, Norway, and Green-
land for the Tanumw 1974 and 1 aesta These data were selected for this treatmIent
because they offer the largest statistical base (about 400 samples from Norway and Mary-
land under the quietest conditions). The data correspond to nearly all-night conditions
on all paths. The data from Norway differ in the mean by about 0.5 dB between the two
test periods, and the statistical distributions are quite similar. As will be evident from
discussion to follow, both of these tests took place during periods of relative ionospheric
quiescence on the path from Wisconsin to Norway, and the divergence of data from the
(dashed) lognormal best fit line is less than 0.5 dB. Indicated below the data curves is the
interval within which 80% of the samples fall (for comparison with the range we would
pred-; uix rng neaored S/ N1, a- interval in the cavo oaf 1-he Norway dat+a nf 9 R dR

The Maryland data show both a greater spread and, in the low field-strength range,
a distinctly non-Gaussian character*. Indeed, the few data points responsible for the non-
Gaussian tail on the January 1975 curve will be seen below to have resulted from a strong
propagation disturbance. If these points are discarded, the dashed portion of that curve
results, and the data appear more nearly Gaussian. The variation in the two sets of Mary-
land data by comparison to those from Norway is still of interest and is related to the
greatly different characters of controlling noise at the two sites. The Greenland data con-
form quite well fto a Gaussian contour hbiut disnlay a markedly greater variability than
either of the other two sites.

*The best-fit straight lines are, of course, lognormal. However, in all of these data the skew is so light
that they are nearly indistinguishable from true Gaussian data. The discussion, accordingly, treat them
as Gaussian.

4
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Table 2
Maryland Data, January 1974. Signal S in dB Relative to 1 A/m; Noise N in dB Relative

to 1 A/m in Detection Bandwidth. 2RC = 3840 Seconds.

Date GMT 2300a 0000 J 0200 0200 0300 0400 0500 0600 0700 0800 0900 1000 r1100 I laiy Mean

16/11 S -144.1 -145.1 -144.8 -145.1 -145.6 -146.6 -146.1 -146.8 -146.4 -146.6 -145.9 -145.8 -146.5 -145.8 28.9
N -172.7 -173.9 -172.9 -174.9 -175.4 -174.7 -175.4 -175.8 -175.8 -175.8 -175.9 -175.0 -173.6 -174.7

17/18 S -143.2 -143.8 -144.3 -144.8 -145.1 -145.8 -146.2 -146.1 -145.9 -145.6 -145.6 -145.2 -145.3 -145.1 27,8
N -170.7 -171.6 -171.6 -171.5 -172.5 -173.6 -173.1 -173.2 -174.3 -174.3 -173.2 -173.1 * -172.9

18/19 S*
N

19/20 N*
N

20/21 N*
N

21/22 S -143.5 -144.8 -144.3 -144.2 -145.4 -145.4 -146.1 -145.6 -145.6 -145.8 -145.5 4 * -145.1 27.6
N -170.2 -171.3 -170.5 -171.5 -173.1 -17384 -174.5 -174.1 -174.4 -173.9 -174.1 -173.3 -172.4 -172.8

22/23 S -143.7 -144.8 -145.3 t t -145.1 -145.6 -146.1 -144.9 -145.6 -145.3 -145.6 -145.6 -145.2 27 0
N -171.2 -172.0 -171.7 -172.5 -172.6 -172.8 -172.4 -172.7 -171.7 -171.0 -171.3 -171.7 -170.9 -172.2

23/24 S -143.7 -144.4 -144.6 -145.1 -145.1 -145.7 -146.2 -146.3 -146.2 -145.9 -146.3 -146.2 -145.6 -145.5 263
N -170.6 -170.7 -170.8 -171.8 -171.6 -172.1 -172.5 -173.1 -171.5 -172.8 -172.5 -172.0 -171.4 -171.8

24/25 S -144.0 -144.5 -144.9 -144.6 -144.6 -145.1 -144.6 -144.8 -145.6 -145.6 -145.3 -145.6 -145.8 -145.0 26.4
N -170.2 -170.8 -170.2 -171.6 -171,4 -171.5 -171.6 -171.6 -172.5 -171.7 -172.4 -171.4 -171.6 -171.4

25t26 S -143.1 -143.9 -144.6 -145.1 -145.6 -146.1 -146.6 -141.0 -146.4 -146.4 -145.3 -144.6 -145.6 -145.4 25.6
N -169.7 -170.0 -171.5 -171.1 -171.8 -171.3 -171.3 -170.5 -170.1 -171.0 -170.4 -170.4 -170.9 -171.0

26/27 S -143.7 -144.3 -144.6 -145.3 -146.1 -146.8 -146.6 -146.6 -146.6 -145.8 -145.6 -145.1 -145.1 -145.6 27 9
N -170.4 -171.3 -171.5 -174.6 -175.3 -175.4 -173.9 -175.1 -173.9 -174.2 -173.7 -173.7 -173.1 -173.5

27/28 S*
N

28/29 S -143.5 -143.6 -144.0 -144.5 -144.6 -144.8 -145.3 -146.1 -145.5 -145.2 -145.3 . -144.8 -146.1 -144.9 28 2
N -171.0 -171.7 -173.3 -172.8 -174.7 -174.5 -174.0 -174.0 -173.6 -172.7 -173.0 -172.6 -172.6 -173.1

29/30 S t -145.2 -144.9 -145.0 -144.8 -145.1 -145.8 -146.1 -145.3 -145.1 -146.0 -146.0 -146.6 -145.5 26 8
N -171.6 -172.1 -172.3 -173.2 -172.8 -173.3 -173.1 -172.8 -172.1 -171.7 -171.5 -171.6 -171.9 -172.3

30/31 S -145.4 -146.6 -146.5 -146.0 -146.8 -146.8 -147.3 -148.2 -147.2 -146.8 -146.8 -146.7 -146.6 -146.7 26.7
N -171.0 -172.5 -173.1 -171.7 -173.5 -173.5 -173.7 -174.1 -173.9 -175.1 -174.2 -173.5 -173.7 -173.4

31/1 S -143.8 -144.9 -145.1 -145.5 -145.6 -145.8 -146.1 -147.0 -146.7 -146.6 -146.6 -146.9 -147.5 -146.0 28 0
N -172.2 -173.3 -174.0 -175.0 -175.1 -175.3 -174.9 -174.9 -174.5 -173.1 -173.5 -173.4 -173.0 -174.0

1/2 S -144.6 -145.1 -145.2 -145.8 -145.6 -145.5 -146.2 -146.1 -145.6 -146.1 -146.3 -146.1 -146.0 -145.8 27.5
N -173.7 -174.2 -173.9 -174.1 -173.7 -174.0 -174.5 -173.2 -172.7 -172.4 -171.8 -172.1 -172.8 -173.3

*No data
tfransmitter failure

dR
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Table 3
Norway Data, January 1974. Signal S in dB Relative to 1 A/m; Noise N in dB

Relative to 1 A/m in Detection Bandwidth. 2RC = 3840 Seconds,

DaefGMT 2300

N *

S
N

S
N

S

N

8*
N

S
N

S
N

S
N

S
N

S
N

S
N

S*
N

S
N

S
N

S
N

S
N

-155.7

-155.6
-176.5

-153.0
-177.8

-155.1

-174.7

-155.7
-175.5

-157.6
-1 76.3

-157.6
-175.2

-155.4
-173.5

-156.3
-175,2
-156,4
-177,2-

-156.4
-177.2

-155.2
-175.1

-158.1
-174.3

-155.7
-175.2

0000 ? . 0100

-156.0

-155.6
-175.8
-154.6
-176.8

-155.9
-175.1

-155.7
-.175.7

-156r1

-156.6
-175.9
-155.1
-175.0
-157.7
-174.3
-157.2
_176.0

-155.71
-178.1

-158.2
-174.7

-156.7
-175.81

ql156,3

-155.2

-157,8
-176,8
-153,2
-176.8

-156.8
-175.8

-155.7
-176.6

-157.0

-155.4
-176.0
-155.2
-175.3
-157.1
-175.2
-155.7
-177.3

-179.0

-155.7
-176,5

-156.5
-176.0
-155.1
-178.4

0200 | 0300 | 0400 | 0500 | 0600

-1)4.4 I -1)4.3 1 4.4 1 - 44

-156.7
-177.0
-152.9
-176.8

-155.4
-174.7

-155.7
-178.0

-157.7
-182.0
-154.2
-175.6

-155.0
-176.0
-156.4
-175.8
-155,7

-155,7
-178,6

-157.6
-176,6

-155.7
-177.4

-155.1
-17$.4

*NDar ta
tliwmitim Wwle

-155.7
-178.0
-153.8
-175.7

-154.7
-173.9

-155.3
-179.0

-156.8

-155.1
--276.0
1'-155.1
_176.6
-155,4
-175.3

-154.7
I..1 40 N

-155.3
-179.0

-155.0
-176.6

-154.8
-177.4
-155.0
-180.0

-156.3
- 179.5
-153.2
-176.8

-155.4

-175.1

-155.1

-156.4

-155.6
-176.1
-155.9
-176.6

-155.1
-177.3
-154.8

-155.9
-182.0

155.7
-178.7

-154,81
-179,0
-156,3
-179,0

-156,3
-179.5
-153.3
-176.8

-155.4
-176.5

-155.0
-180.0

-156.4
I182.2
-166.4
-176.0
-155.9
-176.0
-155.4
-178.2
-155.1
I_.1 R

-181,5

-157,4
-177.3

-154.5
-178.6

-156.4
-175.7

0700 1 0800 1 0900 1 1000

| -155.0 1-455.I

-156.4
-179.5
-154.6
-175.1

-155.2

-176.4

-155.0
-179.5

-156.4
I- =79.2

-154.8
-176.1

-156.2
-175,3
-156.0
-177.2
-155.1
I 170 0

-155.5
-179.0

-156.2
-176.0

-155.7
-177.5
-156.0
-177.9

-156.7
-179.5
-154.9
-174.5

-154.8

-175,2

-155.1
-179.0

-157.3

-154.6
-174.8
-156.1
-176.0
-156.0
-177.2

-155.0
9 77.9

-156.1
-176.3

-167.5
-174.3

-155,2
-177,2
-155.9
-179.0

-156.3

-154,6
-179,0

-155,7
-173,9

-154.6

-174.9

-156.4
-178.0

-156.4
1'7'7 

-155.6
-1.75.4

-154.2
-176.0

-156.4
-176.6

-155.6
I 1'77 A

-155,7
-176,3

-156,8
-173,6

-156.7
-176.6
-156.5
-178.8

-15615

-155.4
-178.0
-154.6
-174.5

-154.7
-173.9

-154.9
-177.2

-156.5

-155.11
-174.3
-155.1
-173.0

456.0
-174.9
-155.8
t 7R n

|-155r7
-175,r2 

-172.0

-155.41
-175.9
-155.4
-177.4

4l54.9

-155.9
-175.8

-155.7
-174.6

t

-154.8
-176.2

-156.2
-I V.Vn

-153.4
-173.2

-154.9
-172,0
-156.0
-174.5

_156.1
ince n

-155.5
-174.4

-157.7
-171.6

-156.3
-175.9

-155.3
-177.5

1100

-156.3
-175.9
-155.2
-173.4

t

-154.8
-176.6

-155.7

-153,4
-172,5

-155,5
-173.0
-157.0
-175.2
-155.7
-A . ' t. J

-6.l1
-175.1

.- 157.4
-171.2

-155.5
-174.7
-155.3
-176.6

. . ._ _
Daily Meam
Mean I IN

-155.3

-156.1
-177.8

-154.2
-175.7
-155.3
-175.1

-155,2
-1777

-156.7

-155.2
-175,2
-155.4
-174.9

-156.2
-175.9
-155.6
-177.9

-155.8
-177.8

-156.9
-174.9

-155.8
-176.6

-155.7
-177.8

21.7

21.5

19.8

22.6

29A

20.0

19.5

19.7

22.3

20.0

18.0

20.8

22.1

0)

16/17

17/18

18/19

19/20

20/21

21/22

22/23

23/24

24125

.25126

26/27

27/28

28/29

29/30

$0/31

31/1

1/2

IU

0

IUP-~
I O

Iz

I
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Table 4
Maryland Data, March 1974. Signal S in dB Relative to 1 A/m; Noise N in dB

Relative to 1 A/m in Detection Bandwidth. 2RC = 3840 Seconds.

Date| GMTjL 2300 00°°°°00 ° u |uu 0200 | 0300 J 0400 0500 0600 1 07000 3 0800 3 0900 L 1100 Jeay [ MeN

-141.9 -142.2T 1 IM
-141.9 -142.2
-168.3 1-168.5

-149.4 -150.2
-165.0 -166.0

-150.4 -151.5
-167.6 -168.8
-148.7 -148.9
-165.9 -165.3

-142.7
-169.4

-143.5
-171.2

-144.1
-164.5

-143.7
-166.9

-144.7
-167.0

-143.5

-143.2
-169.1

-144.1
-170.7

-144.9
-164.3

-143.7
-167.5

t
-167.5

t

-150.7 -152.3
-167.8 -169.0

-151.7
-169.6

-150.2
-165.4

-151.5
-170.2

-149.2
-165.7

-143.8
-169.8

-143.7
-170.0

-144.3
-164.2

-144.8
-166.8

t
-166.6

t

-143.9
-168.3

-144.2
-169.4

-145.6
-164.0

-144.7
-166.6

-146.6t
-166.7

-144.8

-151.6 -151.3
-168.7 -169.2

-152.4
-170.9

-151.2
-165.6

-151.2
-170.9

-152.4
-165.3

-144.2
-168.3

-144.8
-169.7

-145.4
-164.5

-146.2
-164.5

-144.9
-167.2

-144.7

-151.7
-169.1

-150.5
-170.5

-152.2
-165.1

-144.8
-169.3

-145.2
-169.5

-146.0
-166.7

-145.5
-163.8

-145.0
-155.4
-145.6

-151.7
-168.6

-152.2
-170.2

-151.3
-166.3

-145.0 -145.7 -145.2
-170.8 -170.4 -170.1

-144.2
-168.3

-146.5
-167.6

-143.7
-166.3
-144.1
-167.3
-145.2

-145.7
-168.5

-146.6
-166.1

-145.7
-165.5

-145.2
-167.2

-145.3

-153.7
-168.5

-152.9
-170.1

-152.7
-165.8

-145.2
-167.1

-145.2
-168.7

-144.7
-166.0
-144.3
-167.7

-146.0

-144.2
-171.2

-145.4
-166.6

-145.2
-167.7

-143.5
-166.4

-144.2
-168.7

-145.5

-144.1 -143.9 1 25S
-169.1 1 -169.4 2.

-144.2
-166.5

-144.4
-166.7

-143.2
-165.7

-143.5
-167.9

t

-144.3
-169.0

-144.9
-165.5
-144.2
-166.2

-143.9
-166.7

-144.6

25.7

20.6

22.0

22.8

-151.7 -151.7 -151.7 -150.9 -151.4 15.9
-166.6 -165.5 -165.0 -165.3 -167.3

-152.2
-169.3

-151.2
-165.9

-153.7
-170.1

-150.7
-166.3

-152.3
-168.5
-149.7
-166.3

-151.6
-168,1

-151.2
-167.3

-151.9
-169.6

-150.7
-165.9

17.7

15.2

z
2:

Ott~t
-3
-3

C.:

*No data
tNorth-south antenna only

16/17

-142.6
-169.7

-142.7
-163.3

-142.7
-167.1

-142.2
-168.4

-142.3

-142.8
-170.3

-143.2
-164.3

-143.1
-167.4

-141.9
-169.0

-142.9

-.21

17/18

18/19

19120

20/21

21/22

22/23

23/24

24/25

25/26

26/27

27/28

28/29

29/30

30/31

S
N
S*
N

S
N

S
N

S
N

S
N

S
N*

St
N

S*
N

St
N

St
N

St
N

st
N

st
N
St
N



Table 5

Norway Data, March 1974. Signal S in dB Relative to 1I A/rn; Noise N in dB
_____ _____ ~Relative to 1 A/in in Detection Bandwidth, 2P1W = 3840 Seconds.

Nte [GMTI ~2300 ]0000 0100 0200 [0300 I0400 1 0500 0600 0700 J 0800 00 00I ~ DiyjMa

13/14 S 4.4 -156.7 -166.9 -168.4 -256.9 -157.2 -256.4 -154.9 -154.5-148 -156.8 -158.8 -156,7 -156.6
N -115.0 -175.2 -175.5 -175.7 -176.7 -178.1 -176.7 -175.3 -176.3 4176.4 -175.9 -176,3 -174.7 -176.0 19.4

14/15 8 -156.5 -156.5 -157.4 -157.9 -158.8 -157.5 -157.6 -158.1 -156.4 -157.5 -156.4 -168.8 -158.1 -157.5
N -175.9 -176.9 -176,3 -178.6 -179.6 -178.8 -117.9 -176.9 -175.1 -175.5 -174.3 -274.2 -173.9 4176.4 18.9

15/16 8 -158.4 -157.4 -158.4 -158.4 -159.8 -159.6 -159,1 -159.9 -158.4 -156.8 -155.9 -157.5 -156.8 -158 2
N -175.6 -176.2 -176,6 -176.6 -179.,2 -178.8 -177.8 -176.6 -176.2 -176.6 -175.0 -173. -173.2 -17612 18.0

16/17 S -157.7 -167.4 -157.2 -157.8 -157.7 -158.9 -157,8 -157.4 -157.0 -154.5 -1553 -155.9 * 457.1
N -174.8 -175.1 -174.5 -174.5 -176.6 -179.2 -178.8 -177.8 -176.0 -174.4 -174.7 -174.7 -176.2 -175.9 18.8

17/18 8"
N

18/19 S -157.4 -157.6 -157.4 -159.4 -158.5 -1566 -156.0 -157.7 -158.5 -159, -160.2 -160.3 -155.9 -157.9
N -176.0 -176,6 -176.0 -176.6 -1792 -176,6 -176.8 -175.1 -175.4 -175.8 -17-5.8 -174.7 -173.7 -17610 18.1

19/20 S 4156.4 -16554 -155.7 -155.9 -156,1 -155.9 -154.6 -1,55.7 -164.1 -155.9 -155.9 -156.0 -154.1 -156. 5 B-
N -173.7 -114,0 -173.2 -173.7 -175,3 -175.0 4174.8 -174.5 -174.5 -174.7 -175.3 -173.3 -172.9 -174.2 1.

20/21 8 -156.1 -155.4 -155.0 -155.9 -155.3 -1566, -153.9 -154.0 -153.2 -152.9 -154.4 -154.1 -154.4 -154.7
N -115.6 -174.1 -173.8 -174.4 -174,7 -174.0 -173.2 -172.7 -171,8 -172.3 -17.4 -172.5 -171.8 -1733 18.60 -*ooa~~ -JPP.* ~-JOt.U -$0.l-tOo.040 -. 'k* -0*4 .~tt ±0'-d$~~ -1;4*.u -±Wi.4 -IM4.'
N -176.3 -176.1 -175.3 -l75,9t -176,St -176.3 -175.0 -174A4 -175.2 -174.4 -174.2 -174.5 -171.7 -175.0 21.3

22/23 S -155.9 -156.4 -158.4 -l57.9t -157,6t -157.4 -156.5 -154.8 -155.9 -155.8 -157.4 -154.9 -166.4t -1566. 6 0
N -178.2 -178.2 -177.8 -178.8 -179.6 -178.1 -176.8 -176,6 -176.4 -175.3 -174.0 -173.5 -173.1 -17610 2.

23/24 $t 4157,4 -157.5 -157.4 -158,0 -156.8 -157.1 -160.4 -159.0 -156.4 -156.4 -157.2 -168.8 -157.4 -157,7 1.
N -173. -175.2 -175.2 -174,4 -174.8 -173.9 -173.9 -172.3 -172.8 -173.0 -173.0 -172.5 4171.6 -173,5 1.

24/25 8 *
N

S~Z '-t84 -~l.1 -JW~i-Ji5 -O. JW~ ±'a -L~~ -JLM..' -J0.Ob -IDOt2 -.&V. -tbJ -157A 4 5
N -172.6 -172.3 -173.9 -175.4 -176.2 -176.4 -175,3 -174.7 -173.1 -171.9 -171.1 -170.1 -170.4 -173, 1.

26/27 St. -156.4 -1-58.4 -157.0 -156.9 -157.8 -1659.4 -157,0 -159.4 -157.9 -1569 -1568 -157,9 -156.5 -157. 6 4,
N -169.5 -170.8 -171,9 -173.2 -174.5 -175.2 -174,2 -172.8 -172.1 -171.9 -1708 4170,7 -170,3 -172,1 1.

27/28 Si' -1.57.0 -156.4 -1566.0 -157.8 4156.8 -155.9 -1582 -157.3 -156.3 -155.9 -158,4 -156,5 -154.9 156.7
N -173.6 -173.5 -173,6 -174.2 -175.2 -175.3 -174,5 -173.5 -172.4 -172.1 -171.9 -171,7 -171,7 -173.3 16,6

28/29 St -157.5 -1549 -155.6 -155.9 -156.6 -154.7 -154.5 -154.8 -155.1 -164,9 -155.4 -154,3 -155.9 -155.4
N' -174.8 -173.6 -174.5 -175.3 -175.6 -174.4 -173.3 -173.1 -172.3 -172,5 -171,9 -172,3 -172.4 -173.6 11

I29/3013 8j -156.9 I -165.5: -254. 1 -155.2 j1 -155.4 -1534.7 4563.5 -156.8 - 1,56.28 -1-5a.~ -17hhi.4 -1b4.8U j-155.' -155 
NI -70.8 -171. -171.4 -17.4 -173.7 -173, -171.6 -171.5 - 7 08 -170,4 -171. -170.8 -170.8 471. 162

I30/31 StI -155.7 1-154. -156.0 -154.1 -157.4 -156,8 -156.5 -156.7 -156.1 -155,4 -155.2 -156.4 j-152.8 -1557 7
N' -171.4 J 470.7 -171.3 j-171.9 j-172.6 -172.7 -172.3 -171.0 -171.5 -171,9 -171.5 -170.8 -170.9 4171.6 5159

*No 4kta
tNorlb-eoutb anten4 only

OD1

02

12

Ltd
02O

I



Table 6
Maryland Data, January 1975. Signal S in dB Relative to 1 A/rn; Noise N in dB

Relative to 1 A/rn in Detection Bandwidth. 21kG = 4000 Seconds. ___ __

.Uktiluuuu ujuDW 1 0200 0300 0400 I0500 I000 r0700 0800 0900 1000 1100 1200 -- Y

7 8 -144.1 -144.8 -145.3 -145.4 -146.7 -145.3 11-143.6 -144.8 -144.3 -144.1 -144.4 -145.3 -144.3 -144.8 -
N -171.8 -171.8 ~~-173.2 117312 1171.8 -170.4 -168.2 -168.2 -167.7 -167.2 -167.9 -167.7 -168.3 4169.8 2.

8 S -144.0 -143.6 -143.2 -144.6 -144.9 -145.4 -145.4 -146.6 -146.1 -145.4 -145.4 -145.4 -143.8 -144.9 2.
N -169.3 -169.3 -168.3 -168.5 -168.9 -168.3 -168.3 -168.3 -168.9 -168.0 -167.5 -168.3 -166.9 -168.4 2.

9 8 -145.3 -144.5 -144.5 -144.6 -144.6 -144.6 -144.3 -145.3 -145.4 -144.5 -144.3 -144.3 -144.5 -144.7
N -170.4 -170.4 -170.9 -169.7 -169.1 -168.0 -169.1 -168.5 -168.9 -168.3 -168.5 -168.5 -168.9 -169.2 24.5

10 S -144.1 -143.8 -142.8 -143.8 -144.6 -1446A -144_9 -144 I -144.6A -144.4A -143.4Z -IA143.3 -14. APV 1 AA fl
N -168.5 -167.5 -165.6 -165.4 -164.4 -164.1 -165.7 -164.0 -163.9 -164.4 -165.2 -165.9 -165.2 -165.4 21.4

11 S -144.6 -144.6 -144.1 -143.6 -144.3 -145.4 -144.9 -143.8 -144.5 -144.3 -144.3 -144.3 -143.6 -1443 3 2.
Nt -164 -166 -166 -166 -166 -167 -167 -167 -167 -167 -169 -169 -169 .166.9 2.

12 S -144.3 -143.4 -143.6 -144.5 -144.3 -143.8 -144.6 -144.5 -144.9 -144.1 -144.6 -145.3 -145.3 -144.4
NT -167 -169 -169 -169 -167 -167 -167 -169 -167 -166 -166 -166 -165 -16712 22.8

13 8 -144.1 -144.6 -144.3 -144.5 -143.8 -143.6 -144.3 -144.9 -145.3 -14-5.3 -144.6 -144.9 -144.3 -144' 235
Nt -167 -169 -169 -169 -169 -169 -169 -169 -169 -167 -167 -167 -167 -16812 2.

14 S -144.1 -143.1 -143.2 -144.1 -144.3 -144.5 -145.3 -146.8 -146.4 -145.2 -145.3 ** -144.8 -
NT -171 -171 -171 -171 -171 -171 -171 -171 -171 -169 -169 -169 -169 -170.6 2.

15 S -143.3 -143.5 -144.1 -143.4 -144.8 -144.8 -145.3 -146.3 -146.3 -146.9 -146.3 -146.4 -146.3 -145.2 2.
N -170.4 -170.4 -170.9 -171.2 -171.2 -171.2 -171.8 -171.8 -171.2 -171.2 -170.2 -168.5 -168.3 -170.6

16 S -144.0 -143.5 -144.8 -145.1 -145.3 -145.4 -145.4 -145.8 -146.4 -146.2 -145.8 -146.4 -144.8 -145.3 26
N -171.6 -170.7 -171.3 -172.3 -173.0 -173.8 -172.3 -172.3 -173.0 -173.8 -171.6 -170.3 -168.0 -171.8 2.

17 S -144.3 -144.5 -143.5 -143.5 -145.3 -146.4 -146.2 -146.4 -146.4 -145.3 -146.2 -145.3 -144.8 -145.2 2.
N -170.7 -170.3 -169.4 -170.7 -171.3 -170.3 -169.8 -170.3 -170.3 -169.4 -170.7 -169.8 -169.4 -170.218 S -148q.8 -1 44 q -1 A22 -1 AA4P -.A;;1 -l.Ar - ArI tQ lArO -1 Ar '2lArA 1 AA 12 1Ar I AA 'AXnA

N -171.6 -171.6 -171.6 -171.3 -170.7 -171.3 -171.3 -170.7 -171.6 -172.3 -171.6 4172.3 -171.3 -171.5
19 S -144.5 -145.1 -144.0 -143.8 -143.3 -144.3 -145.3 -145.4 -146.2 -145.3 -145.8 -145.8 -144.5 -1449 9 3.

N -167.7 -166.5 -167.1 -167.1 -167.1 -167.7 -167.3 -168.2 -168.8 -170.3 -170.8 -169.8 -168.2 -168.3 2.
20 S -143,0 -143.4 -143.5 -144.0 -144.6 -145.2 -145.2 -144.6 -144.9 -145.3 -144.6 -145.2 -144.5 -144.5

N -172.3 -172.3 -173.0 -172.3 -173.0 -171.6 -171.3 -168.8 -168.8 -169.1 -168.4 -170.7 -168.8 -17018 25.3
21 5 -144.3 -144.9 -145.4 -145.3 -146.1 -146.4 -147.2 -150.3 -151.3 -149.3 -149.3 -147.9 -148.8 -147.4 23,6

N -169.7 -170.9 -171.8 -171.2 -171.2 -171.8 -171.8 -170.9 -171.2 -170.9 -170.4 -170.9 -170.4 -171.022 8 -144.6 -144.3 -144 4 21 44 9 -.1 A~ S -.1 A A -14C Ar 1 .. Ar Q ... iA Q -1Ar Q iAr -I..Ar '7 -1ArIAC.' -1Ar 9
N -172.8 -172.3 -173.0 -173.0 -171.6 -170.4 -169.8 -169.8 -168.4 -168.0 -168.2 4169.1 -166.5 -170.2 2.

23 S -143.3 -143.6 -143.6 -143.4 -143.6 -144.3 -145.4 -145.4 -144.4 -144.3 -144.6 -145.3 -143.2 -144.2
N -173.8 -174.3 -174.3 -174.3 -175.5 -172.3 -173.8 -173.0 -172.3 -171.2 -170.4 -170.9 -169.8 -172.8 28.6

24 S -143.6 -144.0 -143.4 -143.8 -143.8 -143.6 -144.0 -144.9 -145.4 -144.6 -144.9 -145.4 -144.0 -144.3 2.
N -169.6 -171.5 -172.4 -172.4 -172.4 -171.3 -170.6 -169.6 -171.9 -167.0 -166.7 -167.3 -166.2 -169.9 2.

25 8 -143.2 -143.5 -143.5 -144.1 -144.3 -144.1 -144.1 -144.1 -143.5 -143.9 -143.5 -143.5 -144.1 -143.8 27.1
N -167.0 -170.6 -171.3 -173.0 -173.4 -172.6 -172.6 -170.8 -170.6 -169.9 -170.3 -169.6 -169.6 -170.9

tNoise measurement accuracy degraded

(0 t'.
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Table 7
Greenland Data, January 1975. Signal S in dB Relative to 1 A/m; Noise N in dB

Relative to i A/rn in Detection Bandwidth. 2RG 4000 Seconds,
0100 070 1070200- 0Q0 0400 J 00 0F Maate GUT I0000 01 OS1O1. 0400 0500 0600 0O t 0900 100 1100 1200 [Rle I

9 S - -151.3 -151.5 -151.3 -151.2 -102 -149.5 -149.5 -149.5 -149. -150,1 -150 5
N -175.0 175.0 -175.0 -175.9 -175.9 -175.9 -175,9 -175.9 -175.9 -175.9 -175,3 -174.3 -174.3 -175.4 24.9

10 S -150.4 -148.9 -148.5 -148.4 -149.4 -148.7 -149.4 -149.4 -149.3 -149.8 -150,3 -150.3 -150.1 -149.5
' -176.3 -174,5 -174.8 -174.7 -174.3 -174,2 -174.3 -174.3 -174.3 -174.5 -175.0 -174.2 -174.3 -174.6 25.1

11 S -151.4 -151.6 -150.9 -150.6 -151.3 -151.3 -150.6 -150.6 -150.3 -150.3 -150.19 -150.0 -150.0 150 8
N -175.0 -175.5 -175.9 -176.3 -176.1 -176.1 -175.5 -175.5 -175.3 -175,1 -175.0 -176.0 -174.5 -175.4 24.6

12 S -148.3 -148.7 -149.3 -151.1 -150.3 -148.6 -147.7 -147.7 -148.3 -147.9 -148.1 -149.3 -149.3 -148 8 2
N 11 1 175 17.1 -1'770 70 _ t 7 X n 7 i, -IQ t 1'7' Q f 1 '7Q n q _t ' 1 n 1A 0 In 27.1

- - - W'W -~~~~~~~ I ~~' 0 - I - -, (O~~~~41.U -L1 4.0L -J40I.!)

| 13 | S | -149.4 -150.7 -151.2 -152.8 -153,6 -153.6 -153.2 -163.6 -152.2 -152,8 -151.9 -151.9 -151.5 -152 2
N -175,5 -175.7 -177.3 -177.3 -177.5 -177.5 -177.5 -177.3 -177.3 -177,3 -176.4 -175.5 -175.3 -176.7 24.5

14 S -149.6 -149.8 -150.0 -149.8 -150M0 -149.0 -149.6 -149.1 -149.3 -149,6 -150.2 -150.0 -149.6 -149,7
N -177,5 -1771.1 -177.3 -177.7 -177,5 -177.1 -177.5 -178.1 -177,3 -177.3 -176.9 -175.0 -173.9 -177.0 27.3

15 S -149.8 -150.5 -149.8 -150.7 -150.2 -150.5 -160.2 -151.2 -151.0 -150.7 -151.2 -150.7 -150.5 -150.6
N -176.1 -176.1 -175.1 -175.5 -176.8 -176.8 -177.7 -177.3 -177.1 -177.1 -175.2 -173.7 -173.4 -176.01 25.4

16 S -151.5 -151.5 -151.2 -15l.5 -151.7 -151.5 -151.5 -151. -151.5 -152.1 -151.7 -152.1 -151.5 -151.6 . 9

| -1 'i.b -76 (4.68 -1i047 -11( i6. -1| 7.i -177.1 -175.5 -|174.6 -176.5 -176.5 -174.5 -173.5 -172.6 -175.4 
17 S -152.1 -152.5 -151.7 -151.7 -152.5 -152.5 -151.5 -151,5 -151.4 -152.5 -152.5 -151.7 -151.4 -152 0

N -176.1 -175.0 -176,1 -177.3 -177.5 -176.5 -176.5 -176,2 -176.5 -176.5 -175.5 -174.2 -172.3 -175.8 23.8
1S S -151.3 -151.1 -150.5 -150.5 -150.5 -149.8 -149,7 -149.6 -149.6 -149.5 -150.0 -149.7 -149.6 -150 1

N -175.7 -176.5 -176.1 -176.5 -176.5 -176.2 -175,7 -175.5 -175.5 -175.5 -175.3 -174.9 -174.0 -175:7 25.6
19 S -149.5 -149.4 -149.5 -149.5 -149.5 -149.6 -1497 -149.7 -149.7 -149.8 -150,3 -149. -149.6 -149.7

N -176.1 -176.5 -176.5 -177.5 -177.1 -177.3 -176.5 -177.5 -177.9 -177.1 -177.3 -175.9 -174,4 -176:7 27.0
20 8 -150.5 -151.0 -151.5 -151.5 -151.6 -151.0 -150,8 -150.5 -150.8 -150.6 -150.6 -151.5 -151.5 -151,0 0

N -175.5 -176.5 -176.5 -176.5 -177.1 -177,3 -176,5 -176.5 -174.7 -174.5 -176.1 -175.7 -174,9 -176,0 |40
21 S -152.7 -152,7 -153.0 -153.8 -153.3 -153.3 -152.2 -253.0 -152.2 -153.0 -153.0 -1 5.4 -152.7 -1526 

N -175.1 -176,1 -176.6 -177.6 -177.2 -177.4 -177.6 -177.6 -176.6 -176.8 -176.1 -174.2 -172,8 -176:2 |234
22 S -152.2 -151.9 -151.7 -151.2 -150.7 -151,| -251.3 -150.9 -151.5 -150.8 -150.6 -15064 -150,6 -151.1 1

N -176,0 -175.8 -175.7 -176.3 -176.3 -174.8| -175.5 -175.0 -173.6 -173.3 -172.5 -172,7 -172,6 -174.6 23
23 S -150.0 -149.8 -150.0 -150.6 -150.0 -150.0 -149.1 -149.2 -149,6 -149,3 -149.7 -149,5 -148.9 -149.7

N -177.6 -177.2 -176.8 -176.8 -177.2 -175.4 -175.8 -175.8 -176. -176,1 -175.5 -174.3 -173.8 -176.1 26.
24 | -150.0 -150.0 -2150.0 -150.9 -151.7 -152.2 -151.5 -151.4 -151.2 -152.2 -152.4 -151.9 1 451.-9 -1 m I

6.1764 -176.0 -175.8 -176.3 -176.6 -177.4 -177.0 -177.2 -177,2 -177.6 -176.4 -175.0 -174.3 -176I.
25 1.$ -153 -151.5 . -250.0 -15041 -149.3 -148.9 -149.2 -149.2 -149.2 -148.6 -148.7 -148.9 -149.0 -149.5

N 1 s175.8 -177.2 -177.4 -177.0 -176,3 -177.6 -177.2 -177.8 -176.8 -176.1 -176.3 -176.0 -174.8 -176.6 27.1

N -174.5 -175.8 ) -177.2 1 -177,6 | -177.6 -177.2 -177.2 --176.6 -177.0 -177.4 7-176.1 175.3 -175.0 -176.5 27,326 8. -4.6 -493 19. 14,6 -490 -189 -14.8 -14.4 4495I14.0 -192 -4.I192 2 
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Table S
Norway Data, January 1975. Signal S in dB Relative to I A/rn; Noise N in dil

____ _____ _____ ~Relative to 1 A/rn in DetectionBandwidth. 2RC 8000 Seconds.___ ______

I I r II I IIai[ I 1Mean

Date IGMT I0100 0200 10300 0400 0500 0600 070 0800 0900 1000 1100 1200 Meanl SI

8 15.3 -157.5 -157.3 -157.5 -157.3 -156.6 -156.1 -156.4 -155.8 -156.4 -156.1 -156.1 -156.7 2.
N -179.5 -179.5 -180.7 -179.5 -178.5 -178.5 -179.9 -179.9 -179.9 -178.1 -177.5 -176.4 -179.0 2.

9 8 -155.5 -156.1 -156.6 -157.5 -157.0 -157.3 -157.5 -157.3 -157.3 -156.5 -155.5 -155.6 -156.7
N -181.5 -181.5 -183.3 -183.3 -181.1 -178.5 -179.5 -180.7 -179.5 -178.5 -178.5 -179.5 -179.9 23.2

10 S -157.7 -157.3 -156.8 -156.8 -157.3 -158.1 -159.5 -157.5 -156.8 -157.5 -156.6 -157.3 -157.4 2.
N I-179.5 -180.7 -180.7 -180.7 -182.5 -179.5 -179.5 -177.0 -176.5 -176.5 -176.5 -173.9 -178.8 2.

ii 0 -156.1 -155. -5.0 -155.6 -156.5 -157.0 -156.1 -155.5 -154.6 -154.6 -154.5 -154.6 -155.5 2.
N -176.5 -177.7 -179.5 -180.7 -180.7 -182.5 -180.7 -179.5 -178.5 -178.5 -177:7 -177.0 -178.4 2.

12 5 -151.5 -155.6 -156.0 -156.0 -157.0 -156.0 -155.5 -155.5 -155.5 -156.5 -157.3 -157.3 -156.3 2.
N -179.5 -181.7 -183.8 -183.8 -183.8 -182.5 -181.8 -182.2 -183.5 -178.7 -176.5 -175.7 -181.1 2.

13 8 -155.0 -154.0 -154.0 -154.2 -155.5 -155.5 -156.1 -156.1 -157.5 -157.6 -156.1 -156.4 -155.7 2.
N -179.5 -178.5 -179.5 -180.7 -182.5 -182.5 -182.5 -179.5 -178.5 -176.5 -175.5 -175.9 -178.7 2.

14 5 -156.6 -156.5 -155.8 -155.0 -154.8 -154.0 -153.8 -154.2 -154.0 -154.4 -154.0 -154.4 -154.8 2.
N -182.4 -184.2 -184.2 -182.4 -184.2 -184.6 -183.8 -180.8 -178.9 -177.8 -176.1 -176.1 -181.3 2.1 Q t 1rj -X flA.n -i'A*I -. qU -1'. -134 -13I -i3. -1*0 -i30 -1.3 13. -1.0 2O
Nt

16 S -156.1 -155.0 -155.8 -155.0 -155.3 -155.0 -155.3 -155.3 -154.5 -155.5 -156.4 -155.5 -155.4 2.
N -180.3 -181.3 -182.8 -184.3 -183.9 -180.6 -179.6 -182.5 -180.6 -177.1 -176.5 -180.9 2.

17 8 -157.2 -156.4 -155.8 -156.4 -155.3 -154.6 -155.3 -155.5 -155.0 -155.8 -156.5 -156.4 -155.9 >24
Nt

18 S -156.7 -156.5 -156.5 -157.0 -155.6 -155.6 -155.5 -156.3 -155.5 -156.5 -156.3 -156.2 -156.2 23.5
N -180.1 -180.4 -181.4 -182.7 -182.7 -181.0 -178.9 -178.6 -178.5 -177.0 -177.1 -177.8 -179.7

19 S -157.5 -15975 -157il5 -1 564 -1 57 a1 -1A7 7 ..1N'17 a 1V A.iC CC .219C A ..1 CC A -.1 rO A .21 5C 9 ..15,7 n >23
Nt.

20 S -156.9 -156.9 -156.5 -156.5 -156.9 -157.2 -156.9 -156.5 -156.4 -155.7 -159.1 -159.1 -157.0 25.1
N -182.2 -181.4 -183.8 -184.2 -188.2 -184.2 -183.1 -179.4 -179.3 -179.4 -179.2 -180.4 -182.1

21 S -157.5 -156.9 -156.2 -157.3 -158.2 -158.9 -157.5 -156.9 -156.6 -157.3 -157.5 -156.9 -157.3 >23
wi.

22 S*
Nt

23 sti. -156,.4 -154A I .17 A .1R7 A .. 17bt .. 1 rR R .21 r7fl -./R9 7 ..1 R9 A -.1 RgC r ..-IC * , 1 r7i

N -178.6 -184.2 -184.2 -185.2 -178.4 -180.1 -178.7 ~' * * * * -181.3
24 S -156.5 -156.5 -156.5 -156.4 -166.5 -156.8 -156.5 -156.4 -156.5 -156.5 -157.2 -156.3 -156.6 >23

Ni.

25 S -157.5 -156.5 -156.6 -156.8 -157.2 -157.2 -157.5 -156.6 -156.6 -157.2 -157.2 -156.6 -157.0 2.
N -184.2 -183.6 -185.3 -185.3 -189.6 -186.6 -184.8 -179.6 -118.6 -178.7 -179.2 -179.5 -182.9 2.

26 S -155.6 -154.9 -156.0 -155.6 -155.5 -155.6 -155.1 -154.9 -154.9 -154.5 -154.9 -154.3 -155.2 > 25Nt __ __ __No data ____

t Partial recording syatemn failure; real-time processor indicated all values were less than -180.
tt 2R1C - 4000 seconds
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Fig. 2 - ELF signal data from the Maryland, Norway, and
Greenland sites, January 1974 and 1975

Figure 3 is a display of noise statistics for these same three sites and periods. Due to
a partial failure of the field instrumentation, only 128 samples were available for Norway
noise in the January 1975 test. and the curve of these data is artificially distorted bv the
quality of these data. The best fit straight line is reasonably consistent with the general
characteristics of both sets of data, however, and indicates a mean noise level of -140.6
dB re 1A/mx/IE. Compared to the mean signal level in Fig. 2 of -156.0 dB re 1A/mn and
taking into account the effective (3840)-' or (8000)-' Hz noise bandwidth of the signal
channel, these data suggest a mean S/N of 20.6 dB. The corresponding 80% confidence
interval is 2.1 dB, which is somewhat less than the figure of 2.8 dB indicated in Fig. 2
from the signal statistics. This discrepancy indicates that observed noise alone cannot ex-
plain the observed signal variations, suggesting that a certain degree of propagation variabil-
it, exists even under seeminalv cniet conditions

The data from Maryland are even more impressive in this regard. The mean noise
level of -135.7 dB re 1A/mnfHi and mean signal level of -145.0 dB re IA/rn suggest a
mean S/N of 26.7 dB. However, 80% of the observed data occupy a 2.2-dB spread in Fig.
2, which would be consistent with a 20.5-dB S/N. The data from Maryland in these two
cases would thus seem to be even more greatly affected by propagation variability than
those from Norway. A logical deduction might be that phenomena which affect the path
terminals at subauroral latitudes are a greater cause of variability than those which affect
either the Dropagation oath or path terminals at more northerly latitudes. We would cau-
tion that such a conclusion should be viewed with skepticism, in view of its intuitively un-
appealing nature, and this finding should lend greater support to more extensive data-
gathering efforts, In support of this skepticism we note that the Maryland noise in Fig. 3
was distinctly non-Gaussian despite the large number of samples in the January 1975 test
and differed by 2 dB from year to year. This circumstance emphasizes the likelihood that

12
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MARYLAND NOISE NORWAY NO SE GREENLAND NOISE

C5

m JANUARY 1974: / JANUARYM1975
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January 1974
-J J
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F- 247 S I.A16 SAPLE

-140 -135 -145 -140 -140 -135
NOISE (dB RELATIVE TO I A/mn.VHiT)

Fig. 3 - ELF noise data from the Maryland, Norway, and
Greenland sites, Januiary 1974 and 1975

cultural noise sources near the Maryland site affect these data. Though further material
to be described below, as well as previously published information [11, indicates that there
may well he imnortant ionosnheric effects at subauroral latitudes, we caution that much
further data must be acquired before firm conclusions can be drawn.

Consideration of the Greenland noise and signal data complicates this matter further.
The Greenland noise in Fig. 3 is strikingly non-Gaussian, a characteristic we ascribe tenta-
tively to unavoidable low-level cultural noise at Thule. Because of the small geographical
size of the settled area of Thule, our receiving site had to be located within a mile or so
of the power plant and all major users of electricity. The mean noise level is nearly as
low as that in Norway, but the very nearness of relatively constant cultural noise sources
establishes an effective floor at about -142 dB re 1A/mr/TH. This fact has no serious
bearing on the results discussed here, of course; the large spikes that are observed nearer
to thunderstorm noise centers would represent a problem.

The mean noise level in Greenland of -140.0 dB re 1A/m \/iiH and mean signal level
of -150.5 dB re lA/m. would suggest a mean S/N of 26.7 dB. However, 80% of the ob-
served Greenland data in Fig. 2 occupy a 3,2-dB spread, and thus, as with the Maryland
data, it is apparent that propagation variability on the Greenland path is a significant factor
in observed signal variability. A good deal more data must be acquired at Greenland before
the causes and extent of this substantial variability can be described.

The principal datum of interest for communications system performance is S/N.
Figure 4 is a statistical display of individual sample S/N from the January 1974 Norway
data, which are the "best-behaved" data presently in our files. The noise from this test
period conformed very closely to a straight line, as is evident from Fig. 3, and the signal

13
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data showed no obvious sign of propagation-related variability. Thus the data displayed
in Fig, 4 are of value for estimating likely system performance. That is, given the WIF
transmitter parameters and an effective channel bandwidth of about (3840)l Hz, Fig. 4
indicates that a S/N of 16.8 dB can be achieved under winter nighttime conditions in
Norway 95% of the time.

22 152 SAMPLES /

In 

cl
LO
La

i5g. 4- Signat-to-noise data irom the Norway site,
a. January 1974

IL

2~~~~~~~2
IS5 20 25
StGNAL-TO-NOISE RATIO (IS)

IONOSPHERIC VARIABILITY

Although propagation effects are not a subject of particular interest in this report, it
is worthwhile to consider their possible impact on the signal and noise data. Figure 5
shows the Maryland and Norway data from January 1974, sampled on an hourly basis, as
well as a five-night segment of data taken by the Naval Undersea Systems Center (NUSC)
ant aicqunetir uy privare commuunuicatoi fruso reter pannaistci.. lht staibsical Ou/to coflhi-
dence interval for 1-hr samples is shown as an error bar to the right of each data plot. At
the bottom of Fig, 5 are graphed two indices of geophysical activity, The irregular curve,
with a scale to the left, is the global geomagnetic index Dt. This index is a measure of
the effect on the overall geomagnetic field of solar protons of low energy (less than l MeV}
and differs from the strictly local effects recorded by northern-latitude magnetometers
during electron- and proton-precipitation events. A sudden decrease in DEt, such as occurs
in Fig. 5 on 25 January, indicates the formation of a diamagnetic ring current in the mag-
netosphere by large quantities of low-energy protons emitted during solar eruptions. The
Implications of such behavior are threefold:

It indicates an excess of trapped particles in the magnetosphere, which then are
available for precipitation into the ionosphere over the following several days.

14
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* It signals the arrival of a charged-particle pulse in the vicinity of the earth, the high-
energy portion of which may impact immediately on the northern-latitude ionosphere.

* It represents at least the potential for an immediate triggering of precipitation from
the trapped-particle belt under certain conditions of latent instability.

Also plotted in Fig. 5, ., _ 4-s- a to tle-- + i-_ w.is the ; e anmtrnanin activifr indtey A

This index describes geomagnetic field variability, and high values of AP normally indicate
the occurrence of geomagnetic storms. Values of AP in excess of 30 seldom occur on more
than 10 to 20 days per year during years near the minimum of the sunspot cycle. The two
short vertical arrows at the bottom of the graphs on 24 and 25 January indicate the be-
ginning of magnetic storms, and the letters sc are an abbreviation for the conventional
geophysical term sudden commencement. This term describes a rather violent onset of
magnetic disturbance and often presages several days of severe geomagnetic activity.

MARYLAND

Z .144
LI]

Uj 150e flM4V I CONNECTICUT

a- <15254L j NORWAY
Ct -156 C E iI

- -160

40r

0 ~~~~~~~~~~~~~~~~~~60
DST -20 , 40 A

_46° -- -- ---- ----- 20

_,7 l-L-L-L2-
DATE (JANUARY AND FEBRJARY l974)

Fig. 5 - ELF field strengths from the Maryland, Connecticut, and Norway sites and
geomagnetic indices DST and AP, 17 January - 2 February 1974

The most striking feature of Fig. 5 is the total absence of disturbed behavior in
Norway. This fact, together with the evidence from other geophysical sources that the
polar cap was not bombarded by high-energy protons during the 24 - 26 January period,
indicates that neither the polar path nor either path terminal was affected by this distur-
bance. Consequently, the auroral and more northern latitudes seem to have been unaffected.

The Connecticut data, on the other hand, show a pronounced 7-dB dip during the
early morning of 26 January, accompanied by a lesser dip of similar appearance in Mary-
land. The Connecticut signal behavior is most unusual and suggests that energetic particles
may have been expelled into the subauroral region during or soon after sunset on 25 Jan-
uay. Thus the normally slight ifferxence between day and 1nigt p-ropagion conditions
to these North American sites is grossly exaggerated, particularly in Connecticut. Mary-
land data from the following night suggest this effect may have persisted for a second day.
Connecticut is about 3° lower in geomagnetic latitude than the test transmitter in Wiscon-
sin, and Maryland is an additional 30 farther south. The data in Fig. 5 suggest a 24 - to
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48-hr drizzle of high-energy electrons into a very restricted subauroral-latitude region,
resu1lting in pcmlavacin innncir va I;a nhne c ~,, f anA.

Figure 6 shows similar data for the same three sites during March 1974. Magnetic
storminess began on 16 March and peristed for ahout 10 days, with sudden commencements
on 16 and 19 March. The Norway data were more variable than usual from 19 to 23
March, with a daily mean value lowered by as much as 2 dB below normal and pronounced
variability on 19 March. The Maryland data were relatively free of obvious disturbed be-
havior, but once again Connecticut experienced a large decrease in the postsunset period
of 20 March. We would interpret these data in the same manner as those in Fig. 5, with
thle added oUselVation that uUring this lore sevete geuniugiwtic distubanlce there aypenieU
to be a moderate effect on the polar path as well.

142 -58 19 48 9 

LULLJ- $-:sa 50 g ^ > \ -t54 MARYLAND
Xt> --152 X U CONNECTCUT wAY

0<gO -¶5 N 0f AA1 + 
M -¶601
-20 N It'n

-. G14 T 1} [ 1 n - … 2

2RC = 70 SECONDS DATE (MARCH ¶9T41

Fig. 6 - ELF field strengths from the Maryland, Connecticut, and Norway sites and
geormagnetic indices DST and Ap 14 - 31 March 1974

Figure 7 shows data from Maryland, Greenland, and Norway during the January 1975
test period. Three aspects of the signal data are of interest:

* Norway showed no sign of violent disturbance, with only a gradual 2.5-dR rise in
mean nightly signal level from 10 to 14 January and back again by 21 January.

* Greenland showed very pronounced, almost cyclic variations of more than 3 dB
during the same period, with rather pronounced short-term changes on 12 and 13
January, coincident with a period of magnetic activity.

* Maryland was quite stable and undisturbed except for an extreme dip during the
niaht of 91 March.

The magnitude and duration of the precipitous dropout in Maryland is strikingly similar
to those that occurred in Connecticut on 26 January and 20 March 1974 and confirms
that the phenomenon involved can penetrate to latitudes as southerly as Maryland. The
pronounced fluctuations of signal strength in Greenland suggests that ELF reception with-
in the polar cap is subject to much more variability than it is at lower latitudes.
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Fig. 7 - ELF field strengths from the Maryland, Greenland and Norway
sites and geomagnetic indices DST and Ap, 7 - 26 January 1975
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